results and using a seismic windows of 5 ms and 10 ms for the horizons Oligocene Friol4

and Oligocene Frio20 respectively (figures 92a and 92b).

Figure 92a. Extraction of Elastic Impedance inversion in far offset performed in the Oligocene
Friol4, showing the areas with higher hydrocarbon saturation.
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Figure 92b. Extraction of Elastic Impedance inversion in far offset performed in the Oligocene Frio
20, showing a channel system and zones with higher hydrocarbon saturation.
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From figures 92a and 92b, | could observe how the extraction derived for both intervals
(Oligocene Friol4 and Oligocene Frio20) allowed represent the areas associated with
reservoir rock distribution, and areas with higher hydrocarbon saturation and their
relationship structural and stratigraphic in each reservoir. While the sand Oligocene Frio 14
shows a reservoir limited by a system of normal faults that separate the reservoir in several
blocks, the sand Oligocene Frio 20 shows a reservoir rock distribution defined by channels
system, which also are interrupted by the same system of normal faults and showing lower

values of El in areas with higher hydrocarbon saturation.

5.3. Discussion and Results

The implement and execution of two methodologies of seismic inversion in this project
allowed define and characterize the seismic and geological properties associated at two
reservoirs located into Upper Oligocene defined as Oligocene Frio 14 and Oligocene Frio
20.

The seismic inversion result delivered for the sand Oligocene Frio 14 was represented by a
set of anomalies associated to the presence of hydrocarbon saturation and reservoir rock
distribution. The areas with high hydrocarbon saturation for this interval were defined by
reduced values of Lambda-rho and El in far and near offset. These anomalies with low
values were defined in sands around of the well, and toward the top of the structure, being
limited and displaced by the presence of normal faults, and which continue their
distribution to the north of structure. On the other hand, the cross plot Lambda-rho vs Mhu-
rho and EIl in far offset vs El in near offset, also contributed to define correctly the gas
distribution for this reservoir, which showed a gradient toward lower values, allowing its

correct separation and definition.

The sand Oligocene Frio 20, also showed a set of anomalies with high amplitude associated
to a channels system, which comes across the structure in almost direction North-South,
showing lower values of Lambda-rho and EI towards the top of structure pointing out
higher hydrocarbon saturation. In zones of the channel where Lamda-rho is relatively less

low, were associated with the presence of reservoir rock, with absent or low hydrocarbon
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saturation. Other important aspect manifested in this interval was the presence of two
different types of fluids due it shows two different values of Lamda-Rho and EI in its top
and base. On the one hand, its top showed a low value of El and Lamda-rho, while its base
was represented by high value and which were interpreted as presence of oil and water
respectively. The water saturation also was defined in the property volumes of Zp and
density (p) depicted by an increment in their values, as well as in each cross plot performed
in this interval, being defined by a gradient toward high values of Lamda-rho and EI.
However in this interval the LMR inversion could not define correctly the presence of oil,
mainly during the implement of cross plot Lamda-rho vs Mhu-rho and its representation in
cross section, which may be due to the presence of two different types of hydrocarbons
dropping in the same trend Lamda-rho and Mhu-rho, no allowing differentiate and define
the oil zone characterized by a slight lower Lamda-rho value than gas and the same type of
reservoir rock manifested by the same value of Mhu-rho. Therefore, to solve this situation
the EI inversion was implemented, allowing distinguish correctly one trend to each type of
fluid, in addition of the areas with water saturation.

Finally, a last important aspect since the geological point of view was that the inverted
volume Mhu-rho could determine the seismic response related with different geological
environments associated to the reservoirs. First, the stratigraphic unit 1 was represented by
a set of inhomogeneous layers with low values of Mhu-rho, which were deposited in
laminar cycles due it showed slight alternations of deposit. The low values depicted in this
stratigraphic unit, was interpreted as sediment with low compaction and presence of loose
material. The stratigraphic unit 2, which showed lowest values of Mhu-rho mainly toward
the center of unit, was interpreted as the stratigraphic unit most shaly and homogeneous and
representing the regional top seal for the sands Oligocene Frio 14 and Oligocene Frio 20.
Finally the stratigraphic unit 3, which showed highest values of Mhu-rho, which was
interpreted as the most compacted and sandy zone. However, cyclic changes of Mhu-rho
depicted in this unit, also was interpreted as the presence of compacted shale between the

sand layers.
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CONCLUSIONS

The Integration of different methods and techniques of seismic interpretation allowed the

correct definition and reservoir characterization of one deep water Prospect located in the

Perdido Fold Belt Area, taking into account its features structural, stratigraphic and

characteristics of reservoir. Thereby, that several geological models have been derived,

considering their relationship with the reservoir rock distribution and hydrocarbons

involved. So, since the seismic interpretation point of view, I can conclude and determine

several important aspects:

The age of deformation related with the main structure was interpreted as Upper
Oligocene — Lower Miocene, according with their syn-kinematic deposits and
regional geological events involved. Although there is evidence that deformation
continues till recent (sea bed deformation).

In younger layers (lower Miocene), was interpreted a shallow linked system
(extension — contraction) in the western portion of structure with detachment in
shaly sequences deposited in the upper Oligocene, which was generated as product
of unstable sediments deposited during Lower Miocene and the late deformation
occurred during the Miocene — Pliocene. The late deformation also produced the
generation of gravitational sliding characterized by slumps and debris flows
Overlying Lower Miocene sequences was defined the presence of a set of high
amplitude anomalies, generated as product of a contrast in acoustic impedance
between methane hydrates and free gas saturated sands.

The structural and stratigraphic analysis allowed define two main types of combined
traps: one characterized by an anticline structure limited by reverse faults in the
flanks, showing in its top a normal faults system generated by a gravitational
collapse as a product of the intense folding occurred during the Oligocene. This type
of trap also showed a set of high amplitude anomalies related with lobular
sediments deposited in facies of talud and proximal basin. The second type of trap

also was characterized by the same structural domain but associated to the presence
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of submarine channels system with variable amplitude and geometry well defined,

which were truncated by a normal faults system generated in the top of structure.

On the other hand, the log modeling and AVO analysis performed in this work, also
delivered important information related to the type of hydrocarbons associated with the

reservoir rock distribution and trap, being possible to conclude the next points.

e The log modeling result showed that exist two types of hydrocarbons in the
reservoirs defined by the seismic interpretation: one associated to gas (target
Oligocene Frio 14 and methane hydrates zone) and other associated to oil (target
Oligocene Frio 20). Where, the target Oligocene Frio 20 also showed to be
saturated by water in its lower interval.

e Although the results of synthetic gathers performed in the target reservoirs showed
a good result applying both Aki- Richard and Zoepprittz algorithms, the Zoeppritz
algorithm was slightly better than the other, allowing not only to define the correct
fluid contained in the reservoirs but also the presence of an residual noise in far
offsets associated with the sand Oligocene Frio 20, which was taken into account
during the AVO analysis.

e To obtain the most accurate results during the log modeling, the correct log
edition, the integrated analysis of cross plots associated to different saturations and
fluids, as well as the petrophysical evaluation was key to obtain better results.

e The results of gradient analysis and AVO cross plot showed that the reservoirs
Oligocene 14 and Oligocene 20 are associated to AVO class 3 and AVO class 1
respectively. On the other hand, the AVO analysis performed in the anomalies
below of hydrates zones showed an AVO class 3, which support the interpretation
that these areas with high amplitude response may contain free gas saturation, in
addition of presence of methane hydrates compacted.

e The integrated analysis of AVO attributes (A*B, Poisson scaled ratio, and Fluid
Factor), allowed define not only the reservoir rock distribution but also the areas

with most expectation to contain hydrocarbons in each interval analyzed due these
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showed a high contrast of response between the sands with hydrocarbons, reservoir

rock distribution and shales surrounding.

Finally, with the implementation of two seismic inversion methodologies was possible to

define and characterize the seismic and geological properties associated to the different

types of reservoirs involved in this project, allowing derive the next conclusions.

The hydrocarbon saturation zones related with the amplitude anomalies in the sands
Oligocene Frio 14 and Oligocene Frio 20, were defined by areas with reduced
values of their inverted volumes of Lambda-rho and El in far and near offsets, as
well as by use of cross plots Lamda-rho vs Mhu-rho and El in far offset vs El in
near offset.

The seismic inversion results performed in the sand Oligocene Frio 20, could
determine the presence of two different types of fluids. One associated to the
presence of oil, which showed low values in the inverted volumes of Lambda-Rho
and EI in far and near offsets. And other associated to the presence of water, which
was represented by high values, mainly in the inverted volumes of EIl (Elastic
impedance), Lamda-rho, P-impedance (Zp) and density (p), which was also
manifested by the cross plot El in far offset vs El in near offset.

In the Oligocene Frio 20, the LMR inversion could not define correctly the presence
of oil for this reservoir, mainly in the cross plot Lamda-rho vs Mhu-rho and its
representation in cross section. Thereby, that the use of El inversion was necessary
as additional inversion method to solve this situation, generating better results.

The inverted volume Mhu-rho could determine the seismic response related with
three different geological environments defined during the seismic interpretation
section. First, the stratigraphic unit 1, which manifested relatively low values of
Mhu-rho associated to sediments with low compaction and loose material. The
stratigraphic unit 2, which showed lowest values of Mhu-rho interpreted as the
presence of shale and the stratigraphic unit 3, with highest values of Mhu-rho,

which was interpreted as the most compacted and sandy zones.
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APPENDIX A

During the chapter 3 (seismic interpretation) and chapter 4 (AVO analysis), | use the results

of petrophysical evaluation as complement to define the main targets to follow and select
the type of hydrocarbons to be implemented during the log modeling. So, according with
this petrophysical evaluation the reservoir Oligocene Frio 14 is constituted by gas, while
the Oligocene Frio 20 is constituted by gas and oil, and which showed porosity ranges of

25% -28% and permeability of 284 mD respectively.
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APPENDIXB

For the application of Elastic Impedance the derivation of equation (22) Based on Shuey’s

form from Aki-Richard equation (14), the Connolly equation (28) can be derived as next:

R(#) = A+ Bsin®@+Csin®ftan’ 9 (14)

Where

A= 1(AVP + A’OJ

2\ Ve P

AV, 4v52 AV 2vs2 Ap

A= 2 2
Ve Ve Vs Vo p
co 1AV,
2V,
and where
Ve = (Ve () +Ve(tis))/2

AV, =V, (ti )_VP (ti—l)

()

and similar for the other variables (NB. For ease of notations, the “bars” will be omitted

from the average V? V¢ ratios.)

Is necessary a function f(t) which has properties analogous to acoustic impedance, such that

reflectivity can be derived from the formula given below for any incidence angle &

f (ti) — f (ti—l)

RO )+ 1)
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Call this function EI (elastic impedance), and use the alternative log derivation for

reflectivity which is accurate for small to moderate changes in impedance;

1AEl 1
R(@)~ ——— =~ —Aln(El
(@) 2B o (EI)
And so,

2 2
1AIn(EI):l AVe L AP [ AVe —4\/—52AX5 —ZV—SZATP sin?0+ - Ve sin2 gtan o
2 Ve P Np Vo Vg Vo p 2V,

Substituting K for V? \/Z and rearranging

AVs gk sin g+ Ve

S P

P

=1(AVP (L+sin?0)+ 22 (1— 4K sin? 6) - sinz@tanzej
AR yo,

but sin?tan?@ = tan® @ —sin® Otan’ 9, so

- ;(AVP (1+ tan? 9)— AVS gk sin? 0+ AT'O(l— 4K sin’ 9)j
P s P

Note that ha we used only the first two terms of (7), then the above and following

expressions differ only by changing the tan’6 to sin0. We substitute again Alnx for Ax/x;
AIn(El) = (1+tan®* O)AIn(V, ) —8K sin” GAIn(V,) + (1— 4K sin® @) AlIn(p)

now if we make K constant we can take all terms inside the As

Al )i o) an{pso)

_ anfym g st

And finally integrating and getting the exponentiate and setting the integration constant to

zero, we obtain the EI [Connolly et al. 1999].

E| = VFSl—tan2 a)VSSK sin? 19,0(1—4sin2 0) (28)

136



